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Detroit: early XX century
Los Angeles: Thanksgiving 2016
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Urban population
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Ageing population
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Car ownership changing?
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New business models
"Uber, the world’s largest taxi company, owns no vehicles.
Facebook, the world’s most popular media owner, creates no
content.
Alibaba, the most valuable retailer, has no inventory.
And Airbnb, the world’s largest accommodation provider, owns
no real estate”.
Forbes Magazine
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“Give back our space!”
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People are now totally
connected and they want to
start using technology fast
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The approach of the Department of
Transport and Planning: Modeling

Observing
and
analyzing
the reality

Modeling
the reality

Better
transport
and spatial
planning
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Automated Driving
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What is automated driving?
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SAE International (Society of Automotive Engineers)
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Lots of impacts!
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Correia, G., Milakis, D., Arem, B. van, Hoogendoorn, R., 2015. Vehicle automation for improving
transport system performance: conceptual analysis, methods and impacts, in: Bliemer, M. (Ed.),
Handbook on Transport and Urban Planning in the Developed World.
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What do cities want from automated
driving?
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Objective
• Provide seamless door-to-door multimodal journeys, which
include train trips or high capacity buses, by using
automated vehicles as last/first mile connection
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Arthur Scheltes master thesis
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Rivium Buses (Rotterdam: 2005)
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Last-mile transport
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The value of travel time (VOTT)
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It is argued that ridding in an AV will be more pleasurable than
a normal car and a normal bus. You will be able to work or just
enjoy your time.
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Value of Travel time (IV)
• Unitary cost of travel time for the car mode in a commuter and
business trip (euros/hour) for several countries in Europe:

Country

Commuter

Netherlands

9.99

Business
(during work
hours)
33.56

Portugal

6.67

23.68

Germany

9.42

31.39

Greece

7.6

23.91

Poland

6.23

18.59

• Usually these values are related to the strength of the economy.
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Value of Travel Time for last mile of rail
trips: a stated preference experiment
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Value of Travel Time for last mile PT
Willingness-to-pay for different modes per 10 minutes:

Trip segment Mode

Willingness-to-pay per 10
minutes

Main

Private car

€1.80 - €1.90

Egress

Bus/tram/metro

€0.55 - €0.65

Egress

Bicycle

€1.45 - €1.55

Egress

Automatic

What?!

vehicle: €0.85 - €0.95

manually driven
Egress

Automatic

vehicle: €2.25 - €2.35

automatically driven
Source: Yap, M.D., Correia, G., van Arem, B., 2016. Preferences of travellers for using automated
vehicles as last mile public transport of multimodal train trips. Transportation Research Part A:
Policy and Practice 94, 1–16.
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Private vehicles as automated vehicles
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Value of time in private automated
vehicles
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Value of time in private vehicles: a
stated preference experiment
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Value of time in private vehicles: a
stated preference experiment
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Leisure inside cars is not really being
perceived as a great perk! Work on the
other hand seems to be attractive.
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Theoretical foundation
The VOTT from a micro-economics perspective is the difference
between the salary plus the utility of working minus the utility of
traveling:
𝜕𝜕𝑈𝑈
𝜕𝜕𝑈𝑈
𝜕𝜕𝑡𝑡𝑖𝑖
𝜕𝜕𝑊𝑊
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 𝑤𝑤 +
−
𝜕𝜕𝑈𝑈
𝜕𝜕𝑈𝑈
− 𝜃𝜃𝜃𝜃
− 𝜃𝜃𝜃𝜃
𝜕𝜕𝐺𝐺
𝜕𝜕𝐺𝐺

(Jara-Diaz, 2007)

This means that if you love to work and dislike the experience
of traveling in your usual mode of transport then your VOTT is
going to be higher, on the contrary if you love to travel and do
not enjoy working the VOTT could be substantially lower and
you could travel forever subject to remaining life constraints.
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With a car that allows you to work or have leisure inside, the
opportunity cost of not performing activities inside the vehicle
disappears and it can be shown that the VOTT becomes:
𝜕𝜕𝑈𝑈
𝜕𝜕𝑈𝑈
𝜕𝜕𝑡𝑡𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝜕𝜕𝑊𝑊
𝑉𝑉𝑉𝑉𝑉𝑉𝑇𝑇𝐴𝐴𝐴𝐴−𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 =
−
𝜕𝜕𝑈𝑈
𝜕𝜕𝑈𝑈
− 𝛼𝛼𝛼𝛼
− 𝛼𝛼𝛼𝛼
𝜕𝜕𝐺𝐺
𝜕𝜕𝐺𝐺
𝜕𝜕𝑈𝑈
𝜕𝜕𝑈𝑈
𝜕𝜕𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝜕𝜕𝐿𝐿
𝑉𝑉𝑉𝑉𝑉𝑉𝑇𝑇𝐴𝐴𝐴𝐴−𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =
−
𝜕𝜕𝑈𝑈
𝜕𝜕𝑈𝑈
− 𝛼𝛼𝛼𝛼
− 𝛼𝛼𝛼𝛼
𝜕𝜕𝐺𝐺
𝜕𝜕𝐺𝐺

This means that the VOTT is the difference between the
experience of working at a “normal” workplace and the
experience of working while traveling.
Or the experience of having leisure at a “normal” place and
the experience of having leisure inside a car.
Correia, G. H. de A., E. Looff, S. van Cranenburgh, M. Snelder, and B. van Arem. 2019. On the Impact of
Vehicle Automation on the Value of Travel Time While Performing Work and Leisure Activities in a Car:
Theoretical Insights and Results from a Stated Preference Survey. Transportation Research Part A: Policy and
Practice, Vol. 119, pp. 359–382. https://doi.org/10.1016/j.tra.2018.11.016.

Land use and transportation interactions

But there is also integration/or the lack of it defining
the final shape and performance of the territory
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AV and spatial transformation potential
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Martijn Hollestelle (master thesis) AUTOMATED DRIVING:
DRIVING URBAN DEVELOPMENT? AN INTEGRATED MODELLING AND RESEARCH-BYDESIGN APPROACH ON THE SPATIAL IMPACTS OF AUTOMATED DRIVING
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Case-study: Utrecht

Scenarios
Scenario 1: Transformation of the mobility Scenario 2: Growth on private AVs with
system
great experience
Only shared automated vehicles (taxi-bots) on
the roads (Level 5). High capacity gains in
regional and urban road networks. It’s so
convenient that all conventional PT
disappears. Good travel comfort and
experience. Value of Travel Rime (VOTT)
decreasing.

Automated driving develops to full
automation everywhere but only as a private
mode of transport (Level 5). Technology
allows vehicles to drive empty to park at
specific outside parking areas. Traveling in a
private AV is a great experience. Public
transport is the same as today’s. VOTT in cars
decreases

Scenario 3: Constrained usage of private Scenario 4: Decline of the mobility system
AVs
Automated driving becomes Level 5 but it
Automated driving is level 4 so only full does not lead to capacity increases. No real
automation in regional networks (no city effect on the comfort. No public transport any
centers). Capacity only increases on that part more. Everyone using private AVs. VOTT the
of the network. It does not deliver the comfort same as today.
that was expected at the outset. Parking is the
same as today. VOTT decreases but not as
much.
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Parameters for the scenarios
Category

Induced
travel

Traffic
efficiency

Travel cost
factors

Scenario
Transformation Growth
Constraint
All public
For road travel transport
by new user
transferred to
+10%
N/A
groups
cars on the
road network
By empty ride
allocation to
+20%
+10%
N/A
pick-up other
passengers
All arrivals in
zones with
parking
By empty ride
restriction
allocation to
N/A policies are
N/A
designated
directed to
parking zones
designated
external
parking zones
Outer-urban
+ 100%
+40%
+40%
roads
Inner-urban
+ 50%
+20%
+0%
roads
Intersection
All 0.1
All 0.25
+0%
delay factor
Value of time
-35%
-50%
-15%
(all purposes)

Decline
All public
transport
transferred to
cars on the
road network
+10%

N/A

-20%
+0%
+0%
+0%
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So what kind of model?

Methodology

Transport model

What’s modelled there
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Travel times

Scenario

Mean travel time [min:sec]

0. (Base)

11:48 (ref.)

1. Transformation

14:43 (+24%)

2. Growth

19:24 (+64%)

3. Constraint

11:35 (-1.9%)

4. Decline

20:00 (+69.5%)

Impacts of
automation
on urban
areas:
some
results of
TU Delft
research

45

Accessibility to jobs by car

Spatial classification in neighborhood types

Examples of neighbourhoods
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Selection of examples of the different
neighborhood types in Utrecht
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Detailed design transformation potential:
research by design

Summary on spatial quality premium

Spatial quality premium house price, based on research by design at (residential) street (0,2)
and (arterial) road level (0,8); +5% if street can be made greener, -5% if demand increases
too much;

House choice model: agent-based model
Based on the TIGRIS
model

Model is run for 10 years
Trend of losing
population in the main
city center as the
population searches for
more space and lower
prices.

Results: mapping density changes

Summarizing
• Scenario 1 transformation: spatial quality effects are balanced over all neighborhood
typologies. Average travel times increase but not dramatically. Main urban center of
Utrecht does not gain but it does not lose population in relation to the base year.
Improvement of city center quality seems to be keeping people in the main center.
• Scenario 2 Growth: most spatial quality benefits are found in the larger urban centres
such as Utrech. This scenario also shows an increase in population in these areas, who
seem to be drawn by the improved quality and by the fact that travel time has increased
significantly with the private AVs usage which does not make it easy to commute.
• Scenario 3 Constraint: Spatial quality has been maintained in most of the areas. Travel
times are similar to today’s. Though it seems that population loss from the city center of
Utrecht has been achieved.
• Scenario 4 Decline: The spatial quality effects of automated driving do not occur in this
scenario and accessibility decreases in most areas. With the increase of travel time the
exodus of the city center is not as expressive as in the do-nothing scenario since
commuting is not as easy.
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Disclaimer: things missing …
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Best master thesis prize in the Netherlands

56

Martijn Hollestelle has graduated both from Architecture and Transport & Planning
You can find his civil engineering master thesis report from the TU Delft repository
of master theses: http://resolver.tudelft.nl/uuid:5e88d71c-3878-4c4e-967b0b5727bd0d8f
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More research topics on AVs
AVs routing
• Private AVs can satisfy more trips of your
household
• Public shared AVs can be smartly routed to
minimize impacts

First/last mile
• How many vehicles
• How do they charge if they are electric?

A lot of contributors for AVs research at TU Delft

Forum on integrated and sustainable
transportation systems

http://forum-ists2020.org/
Connected Automation · Sharification · Electrification

Impacts of automation on urban areas: some
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10th of May 2019, Portland State University

Dr. Gonçalo Homem de Almeida Correia
(Department of Transport & Planning, TU Delft)
Director hEAT Lab
g.correia@tudelft.nl

Find me on Linkedin and/or ResearchGate

More detail on a few extra topics
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Routing of private automated vehicles
• Example of how automated vehicles could make a difference
in a couple’s household commuter trip
3km

Husband
work

Husband
lunch
meeting

4km
4km

Home

Wife
work

6km

• Conventional car:
 Driving distance=6+4+3+3+4+6=26 kms
 Total human distance inside a car=2*6+4+3+3+4+6*2=38 kms
• With the Automated Driving another routing option may happen:
 Driving distance=4+4+4+3+3+4+6=28 kms
 Total human distance inside a car=2*4+4+3+3+4+6*2=34kms
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Traffic Assignment + Routing Problem
• A model that assigns family
owned automated vehicles
to the trips of the
household.
• As vehicles are routed in
the network, traffic
congestion is formed, travel
times increase.
• Trips not satisfied by the
cars are done by Public
Transport.

Delft
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Objective function minimizes the
transport costs of a family
• Min (Costs) =
• Fuel Costs (distance based)
• Time of all passengers spent on board
• Public Transport Ticket (if using the car is more
expensive)
• Parking costs
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Results for Delft
Scenario

Generalized
Cost (euros)
(O.F.)

Trips
per
vehicle

Absolute
delay
(hours)

Delay (%
of total
driving
time)

Car
modal
share
(%)

Average time
inside a car per
trip (min)

Conventional

1,539,100

2.97

110

1.65%

43.6%

19.51

3.41

+
+
143
1.79%

47.0%

+

19.46

3.70

110
1.08%

53.4%

22.15

With
Automation
With
Automation
and lower
value of travel
time in a car

1,520,000

1,290,690

-

+

-

+

Congestion is decreasing with a lower value of travel time!!!
This is counter intuitive because with a lower value of travel time
people would be willing to stay in congestion.
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Why?
• Imagine these 100 families in which their vehicles is used by
one person directly from A to B:

A
100 families

B
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Why?
• By lowering the travel costs with the lower value of travel time
more trips of some families are more efficient by car and the
detour to satisfy those trips may divert congestion in some cases

67

A
50 families
C
B
50 families
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Public automated taxi system: routing
and trip assignment

68
Automated
vehicle

Taxi

Automated vehicles are used as taxis and they provide
accessibility within the city area. We aim to get a clear insight into
the system optimization from the taxi companies’ point of view.
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Routing is affected by traffic, traffic is
affected by routing
•

•
•

A model is proposed to address the problem of assigning the
vehicles to clients and to paths on the urban road network (dial-aride problem).
The model should consider dynamic travel times which vary with
the flow of the ATs (traffic assignment).
The system does not only serve reserved requests but also some
real-time requests.

Liang, X., G. H. de A. Correia, and B. van Arem. Applying a Model for Trip Assignment and Dynamic
Routing of Automated Taxis with Congestion: System Performance in the City of Delft, The
Netherlands. Transportation Research Record: Journal of the Transportation Research Board, May
2018, p. 036119811875804.

Rolling-Horizon Scheme
A rolling-horizon scheme is used to divide one day into several horizons
where both the reserved and the real-time demand are considered.
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Operating the system: simulation study
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Operating the system: simulation study
Effect of having vehicle relocations

73

Source: Scheltes A., Correia G. 2017. Exploring the use of automated vehicles as last mile
connection of train trips through an agent-based simulation model. International Journal of
Transportation Science and Technology. 6(1), 28–41.
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Planning the system
Mathematical model for defining the operational area and vehicle fleet (bookings known
in advance)

For a fleet of 5 taxis 15 zones are selected:
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Planning the system

Requests Requests Total
Total
Fleet Obj.
satisfied satisfied served
requests size (€/day)
zones
(%)
(Trips)

Electric Taxis

391.9

269

58%

15

452.5

319

68%

24

518.8

422

91%

31

518.8

422

91%

31

5
Conventional Taxis
466
Electric Taxis
10
Conventional Taxis

• Source: Liang, X., Correia, G.H. de A., van Arem, B., 2016. Optimizing the service area and trip
selection of an electric automated taxi system used for the last mile of train trips. Transportation
Research Part E: Logistics and Transportation Review 93, 115–129.
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UDES: Urban Dynamics Educational
Simulator
A free model to understand and study agent-based modeling
(ABM) and Land Use and Transportation (LUT) models

76

Model: https://cloud.anylogic.com/model/47990ad8-ab7c-4fc5-88e5-0e3771cb5303?mode=SETTINGS

Paper: https://www.researchgate.net/publication/323342055_The_Urban_Dynamics_Educational_Simulator_
UDES_tutorial_for_a_tool_to_teach_agent-based_and_Land_Use_and_Transport_LUT_
Interactions_model_version_14

